Abstract-This study proposes a fuzzy approach which integrates fuzzy rule sets in a chromosome. To enhance the functionality and capability of the fuzzy set, Genetic Algorithms (GA) technique is incorporated to produce a better and improved fuzzy set which is able to generate the expected result. Past data were selected to create the chromosomes and form the primary population set. This approach capitalizes on the merits of both techniques and offsets the drawbacks of them which may undermine the performance. This research signifies the hybrid approach to identify the optimal criteria for process control in order to achieve the target of the whole operations with an innovative methodology that has not been covered adequately to-date. A case example has been conducted to validate the practicality of the approach and the outcome demonstrated that the proposed approach is able to achieve the results as expected.
I. INTRODUCTION
Knowledge and innovation are very important for potential business process improvements in a supply chain network with the increasing trends of short product life cycle and mass customization [1] . In order to improve the business process, lots of scholars focus on the process capability studies recently. The product features are measured and analyzed to determine the process ability process in order to meet product specifications [2] . Providing products and service in time with good quality is vital for business success. But how can a company optimize business processes to provide better products and service? Many scholars put great efforts in exploring the artificial intelligence (AI) techniques, such as intelligent systems [3] .
How to develop a next generation intelligent system emerges as a new research interest for AI research. For example, some scholars focus on the integration of Genetic Algorithms (GA) and Fuzzy Logic approach [4] . However, the application of this hybrid approach is limited. This study proposes a Fuzzy GA approach to integrate fuzzy rule sets and their associated membership function sets into GA approach. With this hybrid approach, both crisp and fuzzy data can be integrated into one chromosome which is impossible in traditional GA approach.
The hybrid fuzzy-GA approach proposed in this study is conducted as follows. First, process parameter is encoded as a fuzzy rule sets and the fuzzy membership function is created for the fuzzy rule sets. Past data are selected to create the chromosomes and form the primary population set. Second, GA technique is used to produce a better and improved fuzzy set which is able to generate the expected result.
This paper has 7 sections. In Section II, literature concerning the fuzzy logic approach, GA approach, and their related applications are presented. Section III is about the 5 parts of the chromosome and proposed approach. Section IV presents the processes of GA approach, including crossover, mutation process, and the fitness function. A case example has been conducted in Section V to validate the practicality of the approach and the outcome in Section VI demonstrated that the proposed approach is able to achieve the results as expected. Finally, there is a brief conclusion in Section VII.
II. LITERATURE REVIEW
GA is one of the most popular search algorithms used by scholars in areas such as industrial engineering to attain a more accurate and optimal optimization result [5] , [6] . For example, GA approach has been used to optimize industrial processes, reduce production costs, minimize manufacturing times and increase flexibility of machine selection [7] . GA approach has become a genetic optimization technique with machine learning capability. However, the GA algorithm has shown its weakness such as the preset value of the parameters could lead to premature convergence.
Integrating GA approach with other approaches, such as the Fuzzy logic approach, has become an emerging and promising research direction [8] . The fuzzy expert systems method has the capability of capturing that tacit knowledge that sits within the field experts, those who have experience from similar situations. The process involves studying and understanding the situation in order to design the relevant appropriate fuzzy system identifying the appropriate expertise and input data types. The core fuzzy system consists of the three stages of fuzzification, fuzzy inference engine and defuzzification . Benefits of the application of fuzzy logic principles are mainly in dealing with the uncertainties and ambiguities in the decision-making process [9] .
Reactive Ion Etching (RIE) is a combination of chemical and physical dry etching. AI techniques were adopted to monitor the etching operation as the RIE process is highly nonlinear and multivariable [10] . However, literature review has shown that even though some approaches were used to optimize the RIE system, more research is still needed to explore the parametric settings for the RIE processes. This study addressed this issue and adopted the fuzzy-GA approach to solve this problem.
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III. PROCESS PARAMETER SETTING MODEL
The proposed hybrid fuzzy-GA approach for RIE process optimization encodes customer requirements, process parameters and defect rate which are in a fuzzy rule set into one chromosome of the GA approach. GA technique is used to produce a better and improved fuzzy set which is able to generate the expected result. The fitness function of the chromosome is derived from the fuzzy rule sets and evaluated based on the accuracy with error rate and the performance trade-off.
IV. FUZZY KNOWLEDGE REPRESENTATION IN A GENETIC ALGORITHM

A. Notations and Definitions
Definition 1: 
B  is a random number matrix. It is generated for the selection and crossover process. F . The initial population in the GA approach was generated through two approaches: First, half of the total number of chromosomes was randomly generated by the computer; Second, half of the total number of chromosomes was acquired from historical data (such as company's database, customer specifications, other similar companies, and data from associations) and experts' past experience.
C. Uniform Crossover
The GA approach is an iterative process. By using the crossover and mutation operators, new offspring are generated and appropriate replacements are conducted by the generated offspring solutions to create a new generation. For the crossover process, this study adopted the uniform crossover algorithm. The operation of uniform crossover process is shown in Fig. 1 The new offspring are then for the mutation process. The mutation process is shown in Fig. 2 . The new offspring should be modified by exchanging 1
As shown in Fig. 2 
D. Fitness Function and Selection
For each population of the GA process, the objective function values are evaluated to compute the level of fitness of each possible solution. Some individual solutions are randomly selected for reproduction where the probability of selection is proportional to their level of fitness. The fitness function in this study is to optimize the accuracy of the fuzzy rules and the performance trade-off function. The fitness function in formulation (2) is used to evaluate the derived fuzzy rule set. The objective of the fitness function is to maximize the accuracy and minimize the performance trade-off.
V. CASE EXAMPLES OF KNOWLEDGE ASSIMILATION
A case example is conducted in the RIE process optimization in this section to validate the practicality of the hybrid fuzzy GA approach.
In the fuzzy inference engine, the fuzzy rules represented in the form of IF-THEN rules are developed based on the expert knowledge and historical data. This study forms the IF-THEN rules between defect rate and process parameter in RIE process, based on historical data and engineers' knowledge. Table I is the customer requirements for the production of silicon chips. Based on the knowledge extracted from the company's historical database, a sample IF-THEN fuzzy rule is formulated.
If the pressure is high And RF power is medium And the usage of CHF 3 is medium And the usage of O 2 is high, THEN the vacuum defect E11 will be low and the vacuum defect E3 will be high. The fuzzy rule set is then encoded into a chromosome. For each fuzzy rule set, the fitness value can be calculated using formulation (2) , and the optimum fuzzy rule set can be found based on formulation (2). 
Testing Instance Based on Accuracy
We assume that there is only one fuzzy set rule in the chromosome 1 and the output of E11 and E3 are both 7.5 based on expertise advice.
The ideal case (#) for E11 (y') = 7.5 and E3 is 7.5, n = 4, weight of E11 = 0.6 and E13 = 0. 4 Error rate is calculated based on the data of Table II.   2  2  2  2  2  2  2 The second offspring is not matched with the output generated by rule viewer of MatLab as the offspring value is 10 and 13 respectively but the output generated by rule reviewer for E11 is 6.03 and for E3 is 8.97.
The third offspring (6.18 and 8.7) matches well with the output generated by rule viewer (which is 6.2 for E11 and 8.8 for E3). Similarly, the fourth offspring shown in Table III also shows good match. In total, there are three out of four which were matched within the error rate, the accuracy with error rate is 0.75. 
VI. NUMERICAL ANALYSIS
The numerical analysis in this section is conducted to demonstrate whether the proposed approach is able to achieve the results as expected. The hybrid fuzzy GA approach for RIE process optimization is applied for setting the parameters for the RIE process. There are 37 cases from a magnetic hard disks manufacturer.
The proposed approach was implemented in MatLab. The results of the proposed method were compared with the physical experimental result. The crossover probability for the GA process was set at 0.8, and the mutation probability for the GA process was set at 0.01. The maximum generations was set at 100 generations. . The GA result shows that fitness value is 0.535. The results for different numbers of generations are shown in Fig. 3 . Our results indicates that the process parameter generated by our hybrid Fuzzy GA approach is more than 95 percentage matched with the experiment done by Winnall and Winderbaum (2000) . The results show that the proposed approach is able to achieve the results as expected.
VII. CONCLUSIONS
A hybrid innovative approach has been suggested and tested in a real company to demonstrate its viability in an actual industrial environment. Results indicate that the proposed approach is able to achieve the expected outcomes in an efficient way. In particular, the contribution of this research is the successful introduction of a hybrid approach to identify the optimal criteria for process control in order to achieve optimal performance of the entire operation. The impact of this approach is its characteristic to take advantage of the inherent benefits of the two well-known approaches namely fuzzy logic and GA whilst avoiding the weakness of them with the methodology proposed in the paper.
